Human pegivirus (HPgV) is a positive single-stranded RNA virus in the Flaviviridae family. Phylogenetic analysis reveals the presence of multiple HPgV genotypes with distinct geographic locations. HPgV is of interest because of its potential beneficial impact on HIV disease progression. Despite this, the effects of HPgV in the context of other viral infections, such as hepatitis B virus (HBV), are poorly understood, and data from resource-limited settings are scarce. Therefore, we conducted a cross-sectional analysis of HPgV in HIV/HBV co-infected patients in Ghana. Sera from 100 HIV/HBV co-infected individuals were evaluated for HPgV RNA, and the genotype determined by sequencing the 5′ untranslated region. HPgV RNA was detected in 27 samples (27%). Of these, 26 were genotyped successfully with 23 belonging to HPgV genotype 1 and 3 belonging to HPgV genotype 2. The presence of HPgV RNA had no statistically significant impact on CD4 cell count or HBV DNA titers in the HIV/HBV co-infected patients. However, there was a trend towards decreased HBV DNA levels in HPgV RNA-positive patients with CD4 cell count < 200 (p = 0.0626). HPgV co-infection is common in Ghana.
Introduction
Human pegivirus (HPgV), formerly known as GB virus C (GBV-C), is a member of the Flaviviridae family of single-stranded, positive-sense RNA viruses and has genomic similarity to hepatitis C virus (HCV) [1, 2] . Multiple studies have evaluated the possible association of HPgV with a variety of clinical diseases. A weak association between HPgV and non-Hodgkin's lymphoma has been reported recently [3] , although all other studies found no causal link between HPgV and any clinical disease [1, 2] . In contrast, several studies reported that HPgV infection is associated with delayed HIV disease progression as indicated by higher CD4 cell counts, lower HIV RNA levels, and/or longer disease-free survival [4] [5] [6] [7] [8] .
Phylogenetic analysis of HPgV 5′ untranslated region (UTR) has led to the identification of multiple HPgV genotypes [9, 10] . Genotypes 1 and 2 are common throughout the Americas, and northern and central Africa. Genotypes 3 and 4 are present in Asia. Genotype 5 circulates within central and southern Africa. Genotype 6 has been identified in Southeast Asia, while genotype 7 has been reported only in China to date [10] . Thus, HPgV diversity is extensive and could impact viral phenotype. In Western countries, up to 4% of healthy blood donors are infected with HPgV [11] [12] [13] , while the prevalence in the general population may be as high as 5-18% in developing countries [14] [15] [16] . Among HIV-positive individuals, the prevalence of HPgV RNA ranges from 14 to 45% [17] . Despite the high rates of infection, data on HPgV in resource-limited areas are limited and deserve additional consideration [18] . Thus, the objective of this study was to determine the prevalence of HPgV in HIV/HBV co-infected patients from Ghana and evaluate the potential consequences of HPgV infection on HIV and HBV disease outcomes.
Materials and methods

Study participants
This was a secondary analysis of a previous study of HIV/ HBV co-infected patients, who were gathered at the Fevers Unit of the Korle-Bu Teaching Hospital in Accra, Ghana [19] . Following informed consent, adult HIV patients attending the Fevers Unit between 2012 and 2014 were screened for HBsAg using the qualitative Core HBsAg rapid test (Core Diagnostics, Birmingham, UK). Of note, all HIVinfected patients on ART in Ghana would have received a 3TC-containing regimen irrespective of the degree of severity of HIV disease or HBV status. Hepatitis C virus status was not determined in this cohort; however, a previous study in HIV-positive individuals from the same medical center reported that HCV seropositivity was low and did not impact CD4 cell count or HIV viral load [20] . Plasma HBV DNA levels were determined using fully automated COBAS ® TaqMan ® Analyzer (Roche Diagnostics GmbH, Mannheim, Germany). The lower limit of detection of the Roche TaqMan assay was 20 IU/mL with a linear range from 20 to 170,000,000 IU/mL. Additional laboratory tests such as CD4 cell counts were obtained from patients. The University of Ghana Medical School, Accra, Ghana, and Lifespan Hospital, Providence, Rhode Island Institutional Review Boards approved the study. For the currently analysis, HIV/HBV co-infected individuals with the HBV viral loads > 400 IU/mL were evaluated to explore the potential association between HPgV status and HBV infection/HBV viral load.
Detection of HPgV and classification of HPgV genotype
Viral RNA was extracted using the QIAamp UltraSens Virus Kit (for DNA and RNA) (QIAGEN, Valencia, CA). As described previously [21] [22] [23] Population-based sequencing of amplicons was performed, and 5′UTR sequences were aligned with GenBank accession numbers U59540, U59543, U59549, and U59555 (genotype 1); HGU59518, D90600, HGU59534, and HGU59535 (genotype 2); U59538 and U59539 (genotype 3); AB018667 and AB021287 (genotype 4); AY949771, AF092894, LT009490, and KC618401 (genotype 5); AB003292 and AF177619 (genotype 6); and HQ331234 and HQ331235 (genotype 7). Phylogenetic inference was performed using a Bayesian Markov chain Monte Carlo (MCMC) approach executed in the Bayesian Evolutionary Analysis by Sampling Trees version 1.8.4 [24] with an uncorrelated log-normal relaxed molecular clock, generalized time reversible model, and nucleotide site heterogeneity estimated with a gamma distribution. The MCMC analysis was run for a chain length of 500,000,000. All effective sample sizes were > 250 indicating sufficient sampling. The maximum clade credibility tree was selected from the posterior tree distribution after a 10% burn-in using TreeAnnotator version 1.8.4. HPgV sequences are available in GenBank through the accession numbers MG229645-MG229670.
Statistical analysis
Sociodemographic and clinical data available at baseline were evaluated using the Chi-squared or Mann-Whitney tests using PRISM version 6.03 and SigmaPlot version 12.
Results 100 HIV/HBV co-infected individuals-including 57 patients who were antiretroviral (ART)-naïve and 43 patients who had received at least 9 months of 3TC-containing ART-were evaluated for the presence of HPgV. Of these, HPgV RNA was detected in 27 samples (27%). Patients with HPgV did not differ from those that were HPgV negative with respect to age, gender, or alanine aminotransferase levels (Table 1) . HPgV positivity was 19.3 and 37.2% in the ART-naïve and ART-experienced groups, respectively. Of the HPgV-positive samples, genotyping was determined by phylogenetic analysis of the 5′UTR for 26 samples (Fig. 1) . Genotypes present included 23 with genotype 1 (88.5%) and 3 with genotype 2 (11.5%).
As discussed above, HPgV viremia has been associated with increased CD4 counts, reduced HIV viral loads, and slower disease progression in some studies [4] [5] [6] [7] [8] . However, the impact of HPgV infection on other viral co-infections is less clear. Thus, we evaluated differences in CD4 T cell count between HPgV-positive and HPgV-negative individuals. HPgV status did not have a significant impact on CD4 cell count or HBV DNA level in the full cohort (Fig. 2a) . However, stratification of HIV/HBV co-infected individuals by ART status showed that CD4 cell counts were higher for ART-experienced individuals who were also HPgV positive compared to ART-experienced individuals who were HPgV negative (860 vs 80; p = 0.049). This difference in CD4 cell count was not significant in the ART-naïve individuals (523 vs 382; p = 0.76). There was no statistical difference in plasma HIV RNA levels by HPgV status (p = 0.428) (Fig. 2b) , and the percentage of undetectable HIV RNA was 26.0 and 25.9% for HPgV-positive and HPgV-negative individuals, respectively.
Given the negative effects of HIV infection on the natural history of HBV, we also evaluated the effects of HPgV infection on HBV DNA levels. When including all HIV/ HBV co-infected individuals regardless of CD4 cell count, there was no statistically significant difference in HBV DNA levels between HPgV-positive and HPgV-negative patients (median = 6.505 and 6.662 log 10 copies/mL; p = 0.932) (Fig. 3) . Similarly, ART status did not have a significant impact on HBV DNA levels between HPgV-positive and HPgV-negative patients (data not shown). In contrast, a trend towards lower HBV DNA levels was observed in HPgVpositive patients with CD4 T cell counts < 200 cells/mL (p = 0.0626). We previously evaluated HBV genotypes in this population and found that 92.1% had HBV genotype E with remaining belonging to genotype A or D [25] .
Discussion
Population-based studies of HPgV have been conducted in only 13 sub-Saharan African countries to date [18] . Six studies of HPgV have been conducted in Ghana, although only two were prevalence studies that included HIV-positive individuals [26, 27] ; none included HIV/HBV co-infected individuals. The prevalence rates of HPgV in blood donor populations and pregnant women in Ghana are 4-13.5% and 21.7-26.1%, respectively. Others have reported HPgV positivity rates of 16.2-20% among HIV-positive Ghanaians [26, 27] . A recent meta-analysis, reported that HBV co-infection rates were 2.4-41.7% (pooled prevalence rate of 13.6%) in HIV-positive Ghanaians. Thus, the current study focused on this understudied and difficult-to-manage patient population. We report an HPgV prevalence of 27% in HIV/HBV co-infected individuals in Ghana, higher than the prevalence of the virus in HBV-negative HIV patients. These results are expected given the common routes of transmission shared by all three viruses-sexual contact, exposure to blood, and less frequently from mother to child.
HPgV genotype diversity may impact HIV disease progression. For instance, Muerhoff et al. reported that CD4 cell counts were lower in HIV-positive patients co-infected with HPgV genotype 2a compared to those with HPgV genotype 2b [28] . In the United States and Brazil, higher CD4 cell counts were associated with HPgV genotype 2 compared to genotype 1, although no difference was reported in Australia [21, 29, 30] . To date, the predominant HPgV genotype circulating in West Africa has been identified as genotype 1 [18] . Our study confirms this finding but highlights the presence of genotype 2 as well. It is well documented that HIV co-infection has a significant impact on the natural history of HBV resulting in decreased immune responses and increased HBV transmission [31] [32] [33] [34] . HIV further contributes to increased rates of HBV chronicity, enhanced HBV replication, and accelerated liver-related morbidity and mortality (reviewed in [35] ). Conflicting results have been found on the effect of HBV on HIV disease progression. HBV may lead to higher baseline HIV viral loads, lower CD4 cell counts, and increased mortality in HIV/HBV co-infected participants compared with HIV mono-infected individuals, although this has not been observed in all studies [36] [37] [38] [39] [40] [41] . Interestingly, in the current study, there was a trend of lower HBV DNA levels in HPgVpositive patients with CD4 cell counts < 200 cells/mL.
Limitations to the current study should be noted. First, the population size is modest, and all patients were enrolled in a single tertiary referral center in Accra. Thus, results may not be generalizable to other regions of the country or to HIV-negative individuals. Secondly, HIV viral loads are only available for treatment-experienced individuals; therefore, a robust comparison of HIV viral loads by HPgV status is not possible in all individuals. Despite these limitations, the finding of decreased HBV DNA levels in HPgV RNA-positive patients with low CD4 cell counts is intriguing and highlights the need for additional studies of complex virus-virus interactions. In addition, CD4 cell count was higher in ART-experienced patients who were HPgV positive compared to those who were HPgV negative. Third, as with most studies to date, there is no information regarding the mode of HPgV transmission or the timing of infection. Fourth, HPgV RNA is a sign of current infection, although HPgV clearance does occur. Others and we have demonstrated that the majority of HIV-infected individuals who clear HPgV viremia fail to develop detectable E2 antibodies [21, 42] . Thus, E2 antibodies are not a reliable marker of previous HPgV infection in immunocompromised individuals. Fifth, additional study groups such as HBV monoinfection were not included, largely due to the parent study design; however, there are no data showing that HPgV and HBV interact directly in the absence of HIV. Sixth, this is a cross-sectional study; thus, data on incident HPgV infections or cleared infections are not available and information on the evolution of HIV or liver disease in the presence/absence of HPgV infection is lacking, although this clearly represents an important next step in our understanding of HPgV/HIV/ HBV interactions.
Given the high prevalence of HPgV in many resourcelimited settings, evaluating its impact on other common viral co-infections is important. While no impact of HPgV infection on HIV viral load or CD4 cell counts was noted, the small sample size may limit power to detect such differences. The finding of lower HBV DNA levels in HIV/HBV co-infected individuals with HPgV infection is intriguing given that the major impact of HPgV on HIV occurs during late HIV disease [43] . Thus, this finding requires additional investigation to determine the impact of HPgV on HBVrelated disease processes in larger cohorts with a wide range of CD4 cell counts. 
